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Wi lvd to u pv wloctrie foroe
| giard el property from the
I a oof Lora ] I'h» nutaerous
™ N s in frictional ele
t st v forin of electrio mani-
f i ey LOtning  made  clear
eortinn pr ples sich as condnetion and
i wion, and served to distinguish the
two apposlto I rlitions known as
positive and negative  Franklin's kite ex
periment  conflirmed  the long  suspected
1 le o i and electric sparks
It was not, how il the discovery by
\exa r\ v n 1798 of his pile, or bat-
tery, that elecir could take s place
A AN aget practionl vaiue.  Volta
when he made thie great discovery, was
following the work of Galvani, begun in
1786 Bat Gadvam in his experiments
mistook the «f for the canse and so

o demonstration
nersed noa
{0 current
university of
nember of the Royal
ununieated tus dis-

missed making the uniq

Volta, a
Pavia and a foreign
Bociety of Lnglanld

professor 1n fies

Covery to the pr the sociely In
March, 15w, amnd broaght to the noties of
the world the tlrs: means for obtaining a
seady flow vl 3 Before this
vent elect encrgy had beon known w

the experim ty effects of attrac-
tion and repulsion of lght objects, in fitful
flashes of insi@nifleant power, or as it ap-
peared in nature, tn the fearful bursts of

nwer in pre

energy duarire; o thunderstorm, uncons
trolled  and errau e analogous and
closely related phienomena of magnetism

had already found
tion in the navigator's

an inportant
OHL]Ass
Lhe simplest facts of electrosmagnet ism,
upon which much of the [nter electrical de-
veloprienta depend, remained entirely un
known until near the first
quarter of the wneteenth century.  Mag-
netism itsell, as exemphfied 1 loadstons
or in had long
heforae studied by D
Glibert of Colchester, Lugiand, and in 16w
his great De wis pub-
lished, It and an ex-
cellent one, too, of the applicauon of the
Inductive method, so fruittul in after years,
The restraints which a superstitious age
had imposed upon nature study were
gradually remenved. and at the beginning
of century Just past occasional de-
cided encourageineat began to be given
to physical research. 1t was this condition
which put (nto the hands of Humphrey
Davy of the Hoyal Institution tn London,
ut the opening of the century, a voltaio
battery of some 200 pairs of plates. With
this a remarkably fruitful era of electrio
discovery began.  In 1902 Davy first showed
the electrie are or "arch” on a small scale
between pleces of carbon. He also laid
the foundation for future electro-chemical
work by decomposing by the battery our-
rent potash and soda, and thus {solating
the alkall metals potassium and  sodium
for the first This was in 1207, and
the result was not only greatly to advanoce
the youthful s chenustry but to
attract the attention of the world to a new
power in the hands of tho scientifle worker.,
A fund was soon sube-
s culuvators and
imterested in the dis-
and he had at his service
In 180! no less than 2 o0 colls of voltaie bat-
tery.  With the intense currents obtalned
from it he again demonsteated the wonder-
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ful and brilliant phenomenon of the electrio

ur by closing t}
throngh terminala of hardwond
and then separating them for a short dis-
tance. A magnificent arch of flamo was
mantaluea tetween  the separated ends,
and the light m tha charcoal pinces was
o1 dazzling sp Thus was born ino

v oaireult ol the battery

charcoal

the world the electrie aro light, of which
thera are now  huandreds  of  thousands
burning nigh noour country alone

Davy probably never tmagined that his
hrilliant  experinent world  soon play
8o lmportant 4 part in the lighting v;f

the world  He may never have regarded
it as of any practical value.  In fact, many
years elapsed befora any further attempt
was made to utilize the light of the eleetrio
arc.  Lhe reason for not dieult ro
dlscover [ bhatterios in ¢ YiSIonecs wersg
orude and gave
verv short tyme afn
They were sibjnct
fect of rapid polarization, whereby the
ACtivityY was at  onee reduced \ long
period elapsed before this defoct was re-
moved. vy in ls  experiments had
alkn noted the very intense heat of 1hae
elecirie are, and found that byt few gyh.
stances escapad fusion volatihzation
v hen placed in the heated stream bot ween

this s

inly 1) il power fer a

rthe cir was {
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to the very serions de-

or

the carbon electradea. Hore again he was
proneer in evory important and quite re-
conl electnie work, emploving the elect e
{irn which Yas niready given rise to

pe'eral new and valaable
l‘." conduction ol vlectricity aloug wires
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Arage Amphrae and the |rv~u'n.|..,"
slantro-magnet hy Sturgeon together wi
the vory valuahie work of Henry and others

made possihie fhe mtdetiom of the slecty
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r oA short line It ann Mo
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magnet of soft fron [he hijst f
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Individunl 14 the invention " Ihe Moaran

svatom bad heen demonst rated in (%7 |

noet ount 4 was the Mret telegrar na

batlt It connected Haltimore and Wae!

ington and the funde for Jefraying it=

wore obtained from Congross only after 4
wovers siruggle This can castly bhe under
swtond, for slectreity had not up to that

time ever been shown to have any practical
sefuinesa  The success of the Morse tele
graph was soon followed by the estab-
Hehment of telegrarh lines as A means o
all the large
ely ten

communication  hetween

c1t e and populous districts  Sear
transatiantic telegraph was mooted
cable lald in 1858 was a fallure A
worda passed and then the cahle hroke
down completely. This waa found to ha
due to defects in construction. A renewed
effort to laya cable was made In
1888, hut disappointment again followed
the cable broke in mid-ocean and the work
again ceased. The great task was suc-
cessfully wocomplished in the following
year, and the pluok and pertinacity of
those who wora staking their capital if not
their reputations for business sagact'y
were amply rewarded  Fven the  Jost
cable of 1808 was found, spliced to a new
cable, and completad soon alfter as a socond
working lne 1he delicate nstruments
for the working of these long cahles were
due to the genius of Sir William Thomson
now Lord Kelvin, whose other instruments
have for Yeurs

frw

for electrical measurement
heen a grea! factor fnsecuring  precision
both in scientifte and practieal
The number of cables joining the Fastern
and Western hemispheres has been  in-
creasexd from timie to time and the opening
of & new cable 14 now an OrdinAry oecur-
renoe calling for Little or no especial note,

fhe lutroduciion of the tele
graph was followed by the lnveation of
various slgnalling systems. the most T
portant being  the fre-alarm  telegraph
us suggested by Channing and worked
out by Farmer We now, also, Lave au
tomatic clock svatems in which a mast«
clock controls or gives movement to the
hands of distant clock dials by electric
currents sent out over the connectng
or elrcuit wires, Automatic electrio slg-
nals are made when fire breaks out in a

test N

electirie

building, and alarms are similarly rang
when a burglar breaks in, Not only do
we huave telegraphs which print words

and charaoters, a3 In the stock “tieker™
but in theform known as the teleautograph,
fuvented by Dr  Elisha Gray, the sender
writes his message, which writing 1s at
the same time being reproduced at the
recelving end of the lina. Lven pletures
or drawings are “wired” by speclal n-
striments The desirabillty of maklng
ons wire connecting two points do a large
amount of work, aud thus avolding the ad-
dition of new lines, has led to two remark-
able developments of telegraphy.  In the
duplex, quadruplex and multiplex sys-
terns, several messages may at the same
time be traveming a single wire line with-
out Interference one with the other. In
the rapld automatic systems the working
capacity of the line ia Increased by spe-
clal antomatic transmitiing machines and
rapld recorders, and the electrie impulaes
in the line follow each other with
great speed.

Tismelf

Improvement In this fleld has by no
means ceased, and new svstems for rapid
transmisston are yvet hilng worked out.
The object is to enlarge tha carrylng ea-
paclty of exlsting lines connecting large
centres of population IThe names  of
W heatstone, Stearns, Fdison and Ie

are prominent in connection with this work.
Yor use in telegraphy the orlginally ermde
forms of battery, vy
used, were replaced by the nore perfect

laney,

|
sut

voltade as
tyvpws ®ich s the constant battery of an-
foll, the nitiie aclil battery of Girove, dating
from 1850, and the carbon batiery of Bun-
son, first brought In 182, Such was
the power of the Grove and Bunsen bat-
that was again called te
the electrie are and to the possibility of
its tri= illumination,  Ad
HRUSTIONS wWere soon

larips to be

oul

torles attention

for wle ord-

1

fngly we find it 81y

made for cle opwrated

by these wore powerful  and constant
sources ol electrie onrrent. The first ea-
amnle of a working tvpe of an are lamp
was that brought to notice by W, L. Staite

in 1847, and his deseription of the lamp
and the conditions under which 1t could
be worked is a remarkably exact and full
statement considering the time of 118 qp-

PArAnce Ntalte  even  anticipated  the
[ mest recent phase of development In are
lightirg, namely, the inclosure of the light

| in @ partially air-tught giobe to prevent too

rapid waste of the carbons by combustion
in the alr. In a public address at Neow-
castle-on-Tyne in 1847, he advocated the
use of the are, o inclosed, In mines as oh-
viating the danger of fire. But 1t was a
long time before (he electrie arc acquired
any importance as a practical iluminant
There was, indeed. no hope of I8 suceess
wo long as the current had to ba obtained
from batteries consuming chemwicals and
gine The expense was oo great, and the
hatterios bicame  exhansted In
Rl of this fact occastonal exhitbitions of
arclighting were wade, potably in 1854,
.
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For thim seryion they had Invenie! an are
Mmp Involving whiat @ known as the dif

forentinl  principis

setonsively to are wmpe  The ength of |
the ar ¢ ithe wmryem bt woen (he carhene |
of the amp was controlied with .m"
niowty and the llght thus rendersd

wiondy Foen am inte an 1070 hatterim v~
neomsionally omed te work single -wcrn"
Are lmmpm for pabilie sthibitions, of tor |
famenatration  1oitpeses 8 (ha  sciontifie
topnrtmenia of o hoeole e Amenvery of

grneraling  wlee
conat (ftes

the means f oMeotantly

triedty frovnm mer hanu Al power

however the ) sekm of all the wondeef gl
olectrienl - v o the cloming yenrs of the
Pineteent ot ] e wiectrienl
e gy svMinhile af . U Michanl
Faraday & ot worthy sneosssor of vy
At the Meval bestitution in studying 'he
reintione et saen Mot e irrenta andd

magnets mades the seceslingly 'mportant
phmervation that & wire IF moved fthe
| Anld of & magnet w wild yield A surrent of
Aot el Wimple A the Ak VOrY W
ta offect hae boen stupendonas Following
hin acimnen for e own sahe he anwitting
toned an bt om f tim '1.,\“'
Al moment I s Pandnamental prin
| o of the future Jynamo slectrie machins
- ered he hin Ihia was in 1%
Farain Mt iFALIONA WRre . omplete
1 ¥ oy \ ! it
. ) ) }
mng “n W a frhen n'e fmgne
ety t o "’ ' et Al
t 1 W ttor were now tentinlly
0 nt Wit Farmin ntented "
f wit f InK he Ay caving the
{ Al engineer f w | w of
Farw'ny « ex nmient ' | k
] ' ] At passing through s
et wad revolved between the oles
fainrge sieel magnet A wire! hewd the
[ "t L4 ' k At a selected position
with respwect to the magnet and another
| was connection with the aus | hevann
wires were united through a galvanometer
or instriment for deteting electrie oue-
I rent A\ irrent waa notes] as present
i the cirentt so long as the disk was turned
Hers then was the embrya dynamo.  The
| century wed with single dynamo ma
chines of over 5000 horse power cajpacity

U cailed continuous current dy nainos

vears olapsed before the possibility of a L and with single power atations in which

Ihe |
' ehines (s

the total electrio generation by suoh ma-
Th,000 to 100000 horss power
Ho perfect (s tha modern dynamo that out
of 1,000 horse power expended in driving It,
950 or more may be deliverad to the electrio
line as alectrio energy The electrio motor,
now common, 1+« & machine like the
dynamo. in which the principle of action
s simply reversed elpctric energy delivered
from the lines becomes agal'n mechanical
motion or power

Soon after Faralav's dlacoveries in mag-
neto-electricity, attemptsa were mada to
generators of electricity from
power  But the maclines were emall,
eride and imperfect and the Yesults necea-
sartlv meagre

Pixi!
Heeovery was annoinesd, made a machine
which embodied tn 1t8 constr
comniitator for giving the currents a single
| n of low I'his 18 the prototype of
the connnutators now found on what are
After
Pixil followed Saxton, Clarke, Wheatstone
anid Cooke stolirer and others, but not until

wO

constrt

| 1464 was any very notable improvemen?t

made or suggested.  In that year Soren
Hiorth of Copeuhagen deseribed in a patent
stecitication the principle of causiug the
clecttie currents generated to traverse colla
of wire ispased aa to reenforce the
magnetic Held of the machine itself. A year
rhanaguentiyv the same idea was again more
clearly =et ot by Hjorth This is the prinot-
ple of the modern gnlf-exciting dynamo,
tue tleld magnets of which, very weak at the
start. are built ap or strengthiened by the
currents from the armature or revolving
part of the machine in which power s con-
sumed to produce electricity

In 188 Dr Werner Slemens of Berlin,
wall known as a great ploneer in the electrio
arts, brought out the Slemens armature,
an innovation more valuable than any ‘other
made up to that tme. This was subse-
quently tsed in the powerful machines of
Wilde and Ladd It still survives in mag-
call-bell apparatus for such work
as telephone siknalling, fn exploders for
punes and blasting, und in the stmpler types
of electroplating dynamos

Ihe decade hetween 1860 and 1870 openad
a new era in the construction and working
of dvnamo machines and motors. It 14
notable for two advances of very great
value and importance  Dr. Paccinotti of
Florence, in 1860, described a machine by

-

neto

which true continuous ocurrents resem-
bling battery currenta could be ob-
tained.  Up to that thine machines gave

either rapldly alternating or fluctuating
currents, not steady currents in ona di-
rection.  The Paccinotti construction, in
modified forma, 18 now &lmost universally
employed fu dynamo machines, anl even
where tha form 18 now quite Jifferent the
Paccinotti type has been at least the fore-
runner and has undergone modiflcations
to suit special ends in view  Briefly, Pac-
cinnotti made his armature of a ring of iron
with iron projections, between which the
ecolls of insulated wire are wound.  Although
full deseriptions of Paccinotti's ring arma-

ture and eommutator were given out in
1864, hibs work attected but litte attention
until Grame, in Paris about 18570, brought
ot the relatively perfeet Gramme na-
chine In the nwantine the other great

development of the decade took place
Althongh Hiorth had, as stated before,
pat forward the idea that a dynamo gen-
erator might itself furnish  currents for
magnetizing it8 own magnets this valuahle
suggestion was not apparently  worked
out un'u when a maching wias cone
atructed for Sird haries W heatstone I his
anpears 1o have been thie first self-exciting
machine in existence. Wheatstone  read
a paper hefore the Royal Society in Feb-
ruary, 1867, “On \ugmentation of
the Power of a Magne' by tha Reaction
Therson of Currents Induced by the Magnet
Jteelf * This action later became known
as the reaction principle in dynamo ma-

18064,

the

chines

the wlea occurred to
other workers in scier almost simu!l-
and 1w Werner Siemens  also
read a paper in Berlin about & month earljer
than that of Wheatstono, clearly describing
the reaction  principle. Farthermore, a
I'U'."' specification had been flled in the
British Patent OMee by S A Varley, Dee
24, 1908, clearly showing the same principle
of action, and he was, therefore, the first
to put the matter on record.  The time was
ripe for the appearance of machines close|y
resembling the types now in such extended
pae. Gramme, in 1870, adopting & modifled
form of the Pacemot:l ring and conm.
tator, and employing the reaction principle,
fust succeeded In producing & highly )
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current  dyname | he Gramame
was immeslintely  reoogtited  aa A great
technionl trtumph 10 was in 4 semme the
cultmination of many vears of development
boginning *ith 'he early atismpia nfne
diately follow ing Paraday » e nyver v
wirendy reforemd o Grntnme conmteeted
hie revalving armatiars of & anft lrom wire
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fating "he compmntator DL ARLE L
Altonmel 0 Berhin menhifled he fing wind
ing of Ciramme anel proctgeed the fram
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o ror e | - iromany tirnmes
or amvondd and when suel rronte are to
Lo vide Intes niinuoue currents flowing
v irection the machins la provided
\ \ Vo Y nnecting the colls
LEFR AT [ s that 1) rrent will always
Now It in the anme direction. Great num
bers of (dynamos, however are used withont

amuitators for changing the direction of
thelr « In such machines the olr
ontinuous Currenta,

currents

Irrents
instead of «
WRVS or alternaling
As with sound, the waves have a piteh, |
they follow each other at A certain namber
of Huies per second.  Inusual practice theres
will be from 26 waves, which would bhe a low
perfod, up to 150 or more per second, but
machines can be comstructed to produce
alternating curremta of many thousan|
waves or cycles (as they are termed) per
second for special uses. When an alter-
nating current flows from a line there are
times when the current s changing from
one direction to the other and when there
s actually no current, and these are called
the seros, or dead polots of the eurrent
Much of the machinery developed in later
yvears has been of the alterpating current
tvpe, generatora,  rmotors & utlizing
these rapldly reversing currents

At the Centenrfal I xhitilon, held at Phil-
adelphia in 1876, but two exiibits of electric
lghting apparatus wers to be found, Of
these one was the Girarmme and the other
the Wallwe-Farmer exhibit 11 Wallace-
dynammoe machine s & now
was not a good desiygn, but
Wallace exhibit contained other ex-
reflacting great credit upon this
American ploneer In dynamo work. Sowme
of these ruachines were very #hiotlar in con-
struction to later forms which went into
very extensive use. The large search-
lehta occastonally vsed lo night tHumina-
tion durlng the axhibition were operated
by the current from Wallioe-Farmer ma-
chines. The Gramme extubit was a re-
markable exhdbit for fta time  Though not
extensive it was most lnstructive, There
were found in It & dvnamo rmnning an ao
lamp, a large machine for electrolytic work
such as electroplating and electrolyping,
and, most novel and interesting of all, one
Gramme machine driven by power was
connected to another by a palr of wires and
the second ran as a motor. Thls in  turn
drove a centrifugal pumnp and ralsed water
which flowed ' a small fall or cataract,
A vear or two previously the Gramme ma-
chine had bean accldentally found to be as
excellent an electrie motor as it was o gen-
erating dvnamo. 1lw crude motors of
Jacobl, Froment, Davenport, Page, Vergnes,
Gaume and many others were thus ren-
dered obsolete at a stroke.  The firat pub-
e demnonstration of the working of one
Gramme wachine by another was made by
Fontalne at the Vienna Exhibltion of 1873,

Here, then, was a foreshadowing of the
great electrio power transmissfon planta of
to-day; the suggestion of the electrio station
furnishing power as well as light, and to a
less degree the promise of future railways
using electrio power. Replace the centri-
fugal pump of this modest exhibit by a
turbine wheel, reverse the flow of water
80 as to cause it to drive the electric motor
a0 that the machine becomes a dynamo,
and in ke manner make of the dynamo a
motor, and we exemplify in a simple way
recent great enterprises using water power
for the generation of current to be trans-
mitted over lines to distant electric motors
or Hghts

The Centennial Exhibitionalsomarks the
heginning, the very birth, it may be said,
of an electrie invention destined to become,

cult recelyen
of current

L

Farmer type
olsolete It
the

ninples

before the close of the century, a most
potent factor in human affairs.  The speak-
g telephione of Alexander Graham Bell

wis there exhibited for the first time to the

savants, among whom the  distin-
guished electrician and scientist, Sir William
T For the fipst time in the history
of the world a gtructure of copper wire
and iron spoke to a listening ear.  Nay,
more, it both listenad to the voice of the
speaker and repeated the voloe at w far
point. The instruments
the acme of «imphliciy

was

W=0Nn

were,
mareoves Within
a vear many a boy had eonstructed a pan
of telephones at an expenditure for material
of only a few pennies. In its first form the
trunsmitting telephone was the eounterpart
of the receiver, and they were reversible in
funection. The transmitter was in reality
a minute dvnamo driven by the aerial voice
waves: the receiver, a vibratory motor
worked by the vibratory currents from the
tran=mitter and reproducing the gepfal
motions  This arrangement, moat bheaut-
ful in theary, was only smited for pse on
ehort hines, an Was =oon “"l.-”““.’

distant

re-
placed by varions forms of carbon miero-
phone transnutter, to the production of
which reany inventors had turned their
attention, notably Edison, Hughes, HBlake
and Hunnings. In modern transmitters
the volea wave does not furnish the power
to generate the telephone current, but only
controls the flow of an already v-n»nné
current from a battery. In this way the
efects obtaimable may be made sufMciont |y
powerful for transiission 1o listeners 1,500
miles away

Ihere & no need 1o dwell here upon the
epormons saving of time secured by the

telephone and the profound effect its intrge

y dmetion has had upon bhusiness and woeial
Iife Ihe situation s 1oo paipable  Never
thelema. fow users of thia wonderfanl inye
thon reRlize how o h thoset .
have bheen cmplon o working
tailm of wnvchangs swiichbeard
Vet I ‘. { prwier g onined
sl averhend wirem  an f vnrind
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Ihoare are apeard of three quarters f 4
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and Ineluding YTeth vorhend ant sl
grovimel Hnesm 4 totgl of moa .
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The emetbdliny f anls oeannie 1 elephnn
ing W froamently diacussed Tt the or
om thus Tar | e “
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. e o

it ! ' ! ne ™ a
' s [
tooa revearkal s i eelinio
e Inardre 1.4 4 —
eloctrio ontorpirieen  Cireater atter ’ 't
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It owas o) ' “ e voele
machine of the | tytm ! AT Y el

imorousforthe work Numerons changes
Rivl immpfavenun'a vl befare TRl
e V! U I Sorrd [ 00 bsema
and many others bt the Han ay of electr
Ught during the Paris bapesmition of 1808
was the flrst memorabiie ses of the elactr!

lehit on a large senle b spendig |
minatton of the Avenne Opdra was
R g obhlect jesson I[he sovpree of Hght
was the electrie candie” of Paul Jal

Roff. & Rustan englrver |t A strik
Ingly oviginml and simple are jang I
stead of placing the two carbons point
polnt. as had been done In nearly all pre
vious lamps, he plaoed ghem side by s
with a atrip of haked kadlin between then.
Ihe candie so formed was supported in
n sultable holder whereby at the
end the two parallel carbons were con
nected with the ddroult terminals. By a
sultable device the aro was stasied at the
top and burned down. The electric candie
seemed ta golve the problem of allowing
complicated mechanism for feeding
carbons to ba discarded; but 1t survived
only a short Owing to unforesee n
difMcultles 1t was gradually abandoned
after having served a great purposa In
directing the attention of the worlidl to the
posaibilitien of the electrie arc in ighting
Inventors in Amerkea were not ldle Ry
the close of 1878 Brush of Cleveland had
brought out his series system of aro lghts,
including speocial dynarmos, lamps, & and

Was

lower

the

time

by the middie of 187 had In opery
machines, each capable of malntaining =i«
teon are lumps onone wire, This was i i
a great achusvement for that time.  Weston

of Newark had also in operation eircuits
of are lamps, and the Thomson-Houston
systern had just started in commercial
work with eight aro lamps tn series from
A single dynamo. Maxim and Fuller in
New York wore working are lamps from
thoeir machines, and capital was being
rapidly invested in new enterprises for
electrie ighwng  Sorae of the great elec-
manufacturing  concerns  of to-day
had their beginning at that time. Central
lighting stations began to be established
in cities, and the use of are lights in strect
wnination and in stores grew rapldly
More perfect forms of light arc lamps wers
invented, better generating dynamos and
regulating apparatus brought out. Fa
tories for arc light carbon making were
built.  The first special electrical exhibition
was held in Paris in 1881, In the early
808 also the business of aro lighting had
become firmnly established and soon the
bulk of the work was done under two of
the leading systoms  These were after-
ward brought together under one coutrol,
thus securing tn the apparatus manufac-
tured a combination of the good features
of both.  Until about 1892 nearly al the
arc lamps fu use were worked under the
series system, in which the lights were con-
nected one after another on a cirouit and
traversed by the same current. This our-
rent has a standard value or is a constant
current, Sometimes as many as A hundred
lamps were on ona wire, As the mains
for the supply of incandescent lamps at
oonstant pressure or potential were ex-
tended attention was more strongly turned
to the possibility of working arc lighta
therefrom.

Within a few years of the closa of the
ecentury this placing of arc lamps in branches
from the same mains which supply incan-
descent lamps hecame common, and the
fnclosure of the aro in a partially atr-tight
globe, a procedura advocated by Staite
in 1847, was revived by Howard, Marks
and others for sgaving carbons and attention
to the lamp.  The inclosed aro lamp was
also found to ba especially adapted to use
in branches of the fncandescent lamp cir-
cuits, which had in citles become greatly
extended., The Increasing employment of
alternating currents  in the distribution
of electric energy has led also 1o the use of
alternating current are lamps, and spoecial
current regulating apparatus is now heing
applied on a large scale to extended cir-
oults of these lampa, It can ho seen from
these facts that the art is still ranidly pro-
gresaing and the fleld ever widening \
over twenty vears ngo practieally
no Are lamps were nsed Now a4t the close
of the century, they are numbered by hune
dreds of thousands  The annual econ-
sumption of carbons in this country has
reached two hundred millions.

Almost simultaneously with the hegin-
ning of the commercial work of ar 1]"'\1“1’.'
Fdison, in a successful eYort
a small electrie lamp for general distribation
in place of gas, brought to public norce
his carbon fllament incandeseent lapy

A\ considerabio amount of progress 4o
previously been made by various Worke, s
in attempting to reduce the voliume of [z
in each lamp and increase the number of
lights for agiven power expended. Forma
of ineandescent Are lamps or semi-fne
descent lamps were tried on a con<ideratilo
wcale abroad, but none has survived
also, many attemp's to produce a lanp
giving hight by pure incandescence of sl
anductors proved for the most part albwor-
vive. bdison himself worked for nearly two
vears on & lamp based apon the old (den of
incandescent platiinum strips or wires, Lot
Withoul suoeess I'heannouncement of this

l’mp caused a heavy drop in gas shares
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to proy
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long before the probiem was renlly solved

by & masterly stroke hiis carbon Alament
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Wino A s had to ) b oand
jitoed vorking MW AW 1.
weren needed for P rg and Hacon
nes ting amps and groaps of nnge, meters
for measiring the A T EOT eloctr
enorgy wera wanted wafe fusem and ou?
offs had to ha provided, « trollern or
fixtures to support the lan ps wers rogquired
P ™ " mplete system under
. | mlng with Appurtenances was a
requisite for city plan's

Fven the steam engines for driving the
dynamos had to be wlelled  and im-
prov ol for electrie work, and ten years of
ele llghting development did more
toward refinemont and perfection of
steam engines than Afty yvears praceding.
Ntoadiness of lights meant the  preser-
vation of steady speed in the driving ma-
'.llA'A""‘ l‘l“ ,.‘.-ll‘l “., "' \"'
York city wus the first installation for the
supply of current fur incandescent lighting
In a city district I'he constan!-pressure
dypamos wore gradually fmproved and
enlarged Ihe detuils of all parts of the
sy made more  perfect, and
kdison and the
{ncandescent Lannps, originally of high cost,
ned and the quality of the
production was greatly tmproved. Lamps
orfginally o each I'he beat lamps
that are made can be had at present for
nbout one-fifth that price. Millions of in-
lamps ars annually manufact-

Hghiing stations furnish the
rking of these l.'.h.;u-i,
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some stations contalning machinery aggre-
Killng many thousauds of Lorse-power
capncity Not oply do these stations
furnish electrio energy for the working of
aro  lamps and incandescent lanps, but in
addition for fupumerable motors ranging
in size from the smull desk fan of one-tenth
horsa power up to those of hundreds of
horss power. The larger sizes replace
steaun or hydraulie power for elevators,
and rmany are used in shops or faotories
for driving machinery such as printing
prosses, machinery tools and the like

In spite of the tact that it was well known
that u good dyvnamo when reversed could
be made a source of power, few electric
motors were in use until a conslderable time
after the establishment of the tirst lighting

slations,  Even in 1854 at the Philadelphia
Electrical Exhubition only a few eleotrio
motors were shown. Not until 1888 or

thereafter did the “motor load” of an electrio
station begin to be a factor In its business
success  The motors supplied are an ad-
vantageous adjunct inasmuch as they pro-
vide a day load, Increasing the ontput of
the station at a time when the lighting load
is small and when the machinery in con-
sequence would, without them, have to
remain Wdle. The growth of the application
of electric motors In the closing years of
the @@ itury has been phenomenal, even
lesving out of consideration their use in
electrio rullways

Twenty years ago an electric motor was
a curiosity; fifty years ago crude examples
run by batteries were only to be occasion-
ally found In cabinets of sclentific appa-
ratus. Machinery Hall at the Centennial
Exhibition of 1876 typified the mill of the
past, never again to be reproduced, with
its huge engines and lines of heavy shafting,
and belts conveying power to the different
tools or machines inoperation.  The modern
mill or factory has 1t8 engines and dynamos
located wherever convenlent, {ts electrio
lines and numerous motors connected there-
to and cach of them cither driving com-
paratively short lnes of shafing or at-
tached to drive single pieces of machinery,
The wilderness of belts and pulleys “Im-h
used o characterize a factory is gradually
leared away and electrie dns(nlnmn.n
of power substituted.  Moreover, the light-
ing of the modern mill or factory is done
from the same cleetrie plant which distrib-
ULES o o

'ul'..{

The electric motor has already partly
revolutionized the distribution of power
for stutionary machinery, hut as applisd 10
radlwavs in place of animal power the ravo.

Intton & complete Tha period which has
elapsod sine [} ntroduct ion of elece
trie radwars 1= harely a dozen vears It
Is trae that o few Tentative experunents
in vlectnie tracthion were made some time

in advancae of isss, notably by Siemens in
Berlin in 1576 and 1880, by Stephen D, Field,
by 1. A bdison at Menlo Park, by J (.
Henry, Charles A Van Depoela and
others I we Jaok forther back we find
= that of Farmer in 147 to

by

offorta such

propel radway  cars by electrio motors
driven | current from batteries carried
L on the cars Fhese eforts were, of ocoyrse
docomed 1o fallure, for w‘-rnu!hll'ulH'Mum&j
Flectric energy  from  primgary  batteries
was too costhy and it it had been cheaper,

the tyes of electric motor
woosmall a return of power for tha electrie
CNETEN i driving them that com-
mercial suceess was out of the question
ciforts were, however | instruce-
tive and way now be regarded as highly
guggestve of later work., Traction by
the use of slorage battories carrind on ;;}.
plectric car hias been tried repeatedly, byt

: not 1o able to Compete with
gyetems of direct supply  from  electrie

Mines. The plan survives, however, in
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hewd supply murkas the & — .
important advance in the 4 y
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in the wse of an undergr
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The names of bawarl M L
ind Walter H Knight stand out o

I 18y

inconnection with the first use of & .
ground condult, wied under e &0
Auust, 1884, at Cleveland, on the 114 ks ol

the homse rallway company

We have harely outlined the )« ]
the electrie motor rallway up
ning of a period of wonderful devel vt
resulting in the almoat complete rop ym

ment by electrio traction of Lorss fra tion
or tramway lines, all withon an frereg
of searcely more than téh years

The vear 1888 may be sald to e s
heginning of this work, In that A

Nprague Company, with Frank J =00
at ita head, put into operation

trie line at Richmond, Ya , using 1
running trolley. Mr, Sprague hal e
associated with Edison in early traot oo
work and was well known (n «
with electrio motor work in general (e
Richmond line wusa the first large uniern
taking It had about thirteen nuls !
track, numerous curves, and griles of
from 8 to 10 per cent, The enterprise was
ona of great hardihood, and but for am)
flnancial backing and determination ©
spare no effort or expenditure conducive
to siucoess,  must certainly have falal
The motors wara too small for the work,
and thera had not been found any proner
substitute for the metal commutator brush=
on the motors—a source of endlens trout.e
and of an enormous expense for repan
Nevertheless, the Richmond Instalistion
kept in operation as it was in spite of all
diMculties, servad as an object lesson and
had the effect of convincing Mr  lenry
M. Whitney and the directors of the Wm:
Fud Street Rallway of Boston of the fus.
bllity of equipping the entire rallway v«
tem of Boston electrically, Meanwlile t1a
merging of the VanDepoele and Hentev.
Knight interests into the Thomwon s
ton Electric Light Company bhroughs 4
new factorinto the fleld; the Sprage 1nrer.
ests being lkewise merged with the Flisn
General Electric Company,

The West End Company, with 200 mies
of track in and around Boston, bewan 1o
equip 118 lines In 1888 with the Thomson-
Houston plant. The success of this great
undertaking left no doubt of the future of
electrio traction. The dificultien which
had seriously threatened foture success
were gradually removed

The electric rallway progress was s great
{n the United States that about Jan 1. 187,
there were more than 240 lines in operation
About 80,000 horses and mules wers re-
placed by electric power in the single year
of 15801, In 1802 the Thomeon-Houson
Intereats and those of the Edison (ieneral
Company were merged in the General
Eleotrio Company, an event of unusual
fmportance, as it brought together the 1wo
great competitors in electric tract on At
that date. Other elactric manufuctie=,
chief among which waas the Wes gl
Company, also entered the fleld and be-
came prominent faotors in rallway ox-
tension. In a few years horse traction in
the United States on tramway lines virtuslly
disappeared. Many cable lines were con-
verted to eleotric lines, and projects such
as the Boston Subway began to be pianned,
Not the least of the advantages of electriy
traction 18 the higher speed attainabie with
safety. The comfort and f

nnection

cleaniiness of
the cars, lighted brilliantly at night and
heated in winter by the same souree of
energy which is used to propel them, A1@
important factors

All these things, together with the great
extension of the lines into suburbae and
country districta, and the interconnection
of the lines of one district with those of
another, cannot fuil to have had a ded jediv
beneficial effect apon the life, habi's ad
health of the people. Whils the | nited

states and Canada have been and sl
the theatre of the enormous electrc A
vanee in electric traction, as in ather v ane
work, many electrie car hines have it rocert
vears been established n Grear pritan
iunl on the Continent of Europe. Coun't -
like Japan, Australia, South  Africa snd
South America have also n o peration
many electric trolley lines andthe w rk 8
rapidly extending Most of this work
even in Furope, has been carried ot wither
by importation of equipment from Anen ‘f
or by apparatus manufactured there, b
foll -\'-..n.' AMETICAN Praciice clos "
bulk of the work has heen done w ra
overhead wire and under-running fronft
but there are notable nstanoes « f he 1se
of  electric conductors in unde e ond i
glotted conduiis chwf of which Are the

great systems ol strect ralwas 0n Now

York oty

In Chicago the application of me
in trains upon the elevated ruilway
directly upon the practical demonstration
at the Worlds Fair of the capal on
third-rail Fie 1ra the

or Fare
wed

el tion on Int

mural Flevated Rallway cand the M-"‘\ \

is rapidly extending so as (o ine ude &l

elovated city roads A few years il




